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EXECUTIVE SUMMARY
This project is in its second year, and is designed to monitor population trends and reproductive success of western grebes (Aechmophorus occidentalis) and eared grebes (Podiceps nigricollis) within the Stony Plain study area, Alberta. Surveys are projected to span a five year period, and the results will be used in conservation and management efforts. This project also provides information to support lake habitat conservation and public education. Survey protocols developed by this project are applicable to other regions in Alberta. In 2002, surveying effort was focused on the primary western and eared grebe populations identified in the initial year of this project. Ground nest surveys were the primary means used to estimate adult population sizes; however, this technique was modified slightly from 2001. Instead of conducting a single total nest count at the predicted peak of the nesting season, we surveyed each colony along a sample transect several times during the nesting season. Total nest counts were conducted near end or after the nesting period, and the results from which were used to derive a total breeding adult population estimate.
We estimated the regional population of western grebes to be approximately 2611 adults on six lakes. Nesting colony locations were similar to the findings from 2001 surveys. Western grebes inhabiting Wabamun Lake and Lac Ste. Anne continue to be the dominant populations in the study area, representing 57.8% and 30.7% of the regional population, respectively. The Wabamun Lake colony increased in size by nearly 35%, whereas the Lac Ste. Anne colony declined by nearly 37%.
The Isle Lake population size remained relatively stable from 2001 to 2002. One new population of western grebes was identified on Sandy Lake, where breeding was likely occurring but not confirmed. The peak nesting season in 2002 occurred between June 10 and June 19 survey dates. Assuming that timing of nesting was similar between years, ground nest surveys in 2001 occurred slightly after the peak nesting season. In 2002, maximum mean clutch sizes for western grebe colonies ranged from 2.71 to 2.95 eggs/nest (n=581 nests, three colonies), which is within the range reported in the literature. The maximum proportion of active nests ranged from 89.8% to 95.0%. The Wabamun Lake colony continues to show signs of poor nesting success, which we now believe to be attributed to high rates of corvid nest depredation. This is a major concern since this colony is ranked nationally significant.
Surveys for eared grebes were conducted on 13 lakes, of which 10 lakes had eared grebe populations for a conservative overall population estimate of 8633 adults. Although our survey of the study area was not as thorough as in 2001 (i.e. 52 lakes surveyed), the 2002 overall population estimate was higher than estimate of the previous year (7632 adults). The George Lake eared grebe population was the largest (5000+ adults), up 38% from 2001. Nesting was confirmed on five lakes, but due to logistical constraints we only assessed nesting success of the Isle Lake and Lac Ste. Anne colonies. The mean clutch size for eared grebes ranged from 2.55 eggs/nest to 3.46 eggs/nest, and the proportion of nests ranged from 81% to 100% throughout the survey period. The George Lake colony continues to be nationally important to eared grebes, and with the large influx of eared grebes on Isle Lake this population also ranks as nationally important. It is apparent from our surveys that eared grebe population sizes and colony locations are highly variable, demonstrating that they rely on a network of waterbodies to sustain their regional population. Eared grebes also appear to prefer shallow and undeveloped lakes and generally avoid large and developed waterbodies. Finally, the Stony Plain area may be particularly important in times of drought, as was observed in 2002, by attracting eared grebes from other regions of the province with the availability of suitable nesting sites.
INTRODUCTION
Western grebes (Aechmophorus occidentalis) and eared grebes (Podiceps nigricollis) are part of the family Podicipedidae, an ancient species of diving specialists that rarely fly except to migrate. These grebe species are colonial nesting waterbirds that build precarious floating nests of aquatic vegetation either secured to emergent vegetation or free-floating. Both species have wide distributions across western and central North America, with some colonies having thousands of nests.
As with many top predators in ecosystems highly impacted by humans, western and eared grebes are sensitive to these impacts and could become threatened over the long-term. Currently in Alberta, western grebes are listed as 'sensitive', while eared grebes are listed as 'secure' (Alberta Sustainable Resource Development 2000). This project was developed due to the relatively sparse data available to quantify these rankings. In the process, surveying protocols have been developed and refined, population trend, distribution and measures of reproductive success within the study area are being monitored, and specific threats to western and eared grebe populations have been identified.
The information presented in this report represents the findings from the second year of surveying western and eared grebes within the Stony Plain study area in Alberta (Appendix 1). Baseline research and data for this area are presented in two reports by Hanus et al. (2002a Hanus et al. ( , 2002b . A synthesis of provincial data for western and eared grebes is provided in Hanus (2002) .
In 2002 our objectives were to: 1) Monitor the primary populations of western and eared grebes in the Stony Plain study area (Appendix 1) as identified in 2001. The monitoring emphasis was for western grebes due to their 'sensitive' status in Alberta; 2) Measure the reproductive success of selected western and eared grebe colonies; 3) Inventory as many other lakes as possible within the study area to identify those with active western and eared grebe populations, and locate new colonies; and 4) Implement management recommendations presented in Hanus et al. (2002a) .
STUDY AREA
A detailed description of the Stony Plain study area is provided in Hanus et al. (2002a) . Briefly, this area is located in central Alberta (Appendix 1), and includes the counties of Barrhead, Lac Ste. Anne, Parkland, and Westlock. The legal land description for the study area includes townships 48 to 66 and ranges 23 to 28 west of the fourth meridian, and townships 48 to 66 and ranges one to nine west of the fifth meridian (i.e. between 53° and 55° north latitude, and 113° and 115° west longitude). The north/south and east/west maximum distances are approximately 143 km and 135 km, respectively, while the total area is 11 592.6 km 2 . Specific details of lakes with active and/or historic grebe breeding colonies are presented in Hanus et al. (2002b) .
The study area is located within the parkland and boreal forest natural regions (Alberta Environmental Protection 1994) . It is within an agricultural dominated landscape where much of the original vegetation has been cleared for agricultural, urban, and industrial development. The proximity of the study area to several urban centres, such as the city of Edmonton, make many of these lakes attractive for recreation and cottage development. Lakes are generally meso-to hypereutrophic.
METHODS
Field surveys occurred between June 10, 2002 and July 12, 2002 to coincide with the peak nesting period for western and eared grebes. The focus in 2002 was to monitor the primary colonies identified by Hanus et al. (2002a) , rather than conducting a broad inventory throughout the study area. Nevertheless, lakes with smaller populations and new sites were also surveyed whenever the opportunity arose.
In order to survey populations of western and eared grebes and to locate their nesting colonies, we used the meandering shoreline boat technique as described in Hanus et al. (2002a) . Lakes surveyed in this manner included Big Lake (east basin), Brock Lake, Lac Ste. Anne (west basin), Majeau Lake (east basin), and Sandy Lake (Appendix 1). Several lakes or portions of lakes that were not suited to boating were surveyed using the shoreline telescope survey (Hanus et al. 2002a) , and included Arthur Lake, Majeau Lake (west basin), unnamed lake south of Lac Ste. Anne, and the unnamed lake south of Sandy Lake (Appendix 1).
Ground nest surveys (Hanus et al. 2002a) were conducted on Isle Lake, Lac Ste. Anne, and Wabamun Lake. This technique was slightly modified according to the recommendations outlined in Hanus et al. (2002a) . Instead of surveying an entire colony only once at the presumed peak of the nesting season, several surveys of a subset of nests were conducted throughout the nesting period. Ground nest surveys were conducted along a single transect through the approximate centre of each colony. The transect routes were consistent for each survey, but were lengthened if colonies grew in size between surveys. For each survey, two observers were spaced approximately six meters apart, for a total transect width of approximately 12 m. Ground nest surveys were conduced once every seven to nine days for a total of four to five ground nest surveys per colony. The implementation of these recommended modifications has two main benefits. The first benefit is that repeated surveys enable us to achieve an improved index of maximum egg production thereby addressing the challenges of surveying asynchronous egg laying birds. The second benefit is that disturbance to nesting birds is minimised during surveys since time spent within the colonies is decreased.
Total nest counts were conducted once the majority of nests were abandoned to ascertain the complete size of the colonies. We used a target of <10% active nests within the colony as being suitable for total nest counts. During the total nest count surveys, we recorded the state of nest decay as intact, partially floating, or sunken, to derive an index of time since nest abandonment. An eared grebe nest count based from a canoe was conducted on George Lake; however, due to logistical constraints clutch measurements could not be gathered.
Having surveyors directly within the colony during the breeding season enabled them to record several measures of reproductive success. We recorded clutch sizes, the presence of egg fragments from either successful hatching events or egg depredation, and the number of chicks observed. Distinguishing between successful hatching events and egg depredation was often difficult. Shell fragments were identified as successful hatching events if the egg membrane was present in the nest and/or the egg was broken into two neat pieces, one being generally larger than the other (Baicich and Harrison 1997) . Shell fragments were identified as a depredation event if the egg had a distinguishable hole in its side with the undeveloped embryo either partially or completely consumed, and no egg membranes were present in the nest. Active nests were considered any nest with eggs and/or chicks at the time of the survey. Empty nests were included within the total count of nests for each colony, and nests that appeared to be abandoned and/or damaged were noted as such. A mean and modal clutch size was determined from each ground nest survey, and calculated using only nests with at least one egg and/or chick. While in the colonies we also made general site notes describing the habitat, which included aquatic vegetation species composition, colony length and width measurements, and water depths.
Colony locations were recorded using GarminÔ model 12XL handheld global positioning (GPS) units set to NAD 83. For larger colonies, several GPS locations were recorded along their perimeter to provide an index of size.
Observations of other waterbirds were also recorded during field surveys, and will be summarised in a future report.
RESULTS
We surveyed a total of 13 lakes in 2002 and although this is considerably less than the 52 lakes surveyed in 2001, they represent nearly all lakes with primary western and eared grebe populations identified by Hanus et al. (2002a) . A summary table of results, survey dates, and methods used for each lake surveyed in 2002 is provided in Appendix 2. Although some lakes were surveyed several times using different techniques, we only provide one set of results from the surveys we considered most accurate (Appendix 2). A summary of population and colony data is provided in Table 1 for western grebes, and Table 2 for eared grebes. Clutch data for western and eared grebes are provided in Appendices 3 and 4, respectively.
Western Grebes
Sizeable western grebe populations continue to inhabit Lac Ste. Anne, Wabamun Lake, and Isle Lake. Of special interest is the discovery of a population inhabiting Sandy Lake. Breeding here was likely, but not confirmed. Lac La Nonne continues to have a small population, but no nesting sites were confirmed even with intensive reconnaissance of nesting habitat throughout the lake. A small number of western grebes were observed on Brock Lake, which is a new siting for this waterbody, but nesting was not confirmed. Although we observed three western grebes on Thunder Lake in 2001 (Hanus et al. 2002a ), we did not re-survey this lake in 2002 due to logistical constraints.
Within the study area (Appendix 1) we estimated a total of 2611 adult western grebes, and three colonies accounted for 1218 nests. The largest adult western grebe populations and breeding colonies were observed on Wabamun Lake and Lac Ste. Anne, which represented 57.8% and 30.7% of the regional population, respectively. All western grebe colonies had relatively similar measures of reproductive success in 2002 (Table 1; Figures 1 and 2). The peak nesting season for all colonies occurred between June 10 and June 19, after which there was a sharp decline, and by July 4 nesting was nearly complete (Table 1; Figure 1 ). The highest mean clutch size among the colonies was observed on Isle Lake (2.95 eggs/nest), but was closely followed by Lac Ste. Anne (2.84 eggs/nest) and Wabamun Lake (2.71 eggs/nest; Table 1; Figure 1 ). Although these maximum mean clutch values are higher than the maximum values reported last year (Hanus et al. 2002a) , they are more similar when compared on the same survey dates (Figure 1 ). The maximum mode clutch size reached three eggs/nest for each western grebe colony, and these values also declined after June 19 (Table 1 ). All colonies had high proportions of active nests (i.e. 89.8% to 96.0%) early in the nesting season (Table 1 ; Figure 2 ), followed by a decline after June 19. However, there were differences in the rate of nest abandonment. The Wabamun Lake colony had the most rapid decline, the Isle Lake colony had the most gradual decline, and the Lac Ste. Anne colony had a moderate decline (Table 1; Figure 2 ). Additional clutch data for western grebes is presented in Appendix 3.
Western Grebes on Isle Lake
The western grebe population on Isle Lake is the only one in the study area to nest adjacent to islands: all other colonies in the study area are adjacent to lakeshores. Western grebes nested in bulrush surrounding two small islands, which we termed the 'west island colony location' and the 'east island colony location'. These sites are in close proximity to one another (separated by 700 m) and have relatively similar habitat characteristics, so both nesting locations are regarded as a single colony. This population was the only one in the study area to have had a noticeable change in nesting location between years. Most nesting pairs in the west island colony location nested approximately 400 m from their 2001 nesting area (i.e. east side of the island) to the west side of the island. As well, only two western grebe pairs nested in the east island colony during the 2002 breeding season where in 2001 there were 17 pairs. Interspecific brood parasitism from eared grebes was relatively common in the Isle Lake western grebe colony: on June 10, zero out of 27 nests were parasitized; on June 19, 12 out of 59 nests were parasitized with one to 11 eggs; on June 26, seven out of 62 nests were parasitized with one to three eggs; and on July 3, nine out of 40 nests were parasitized with one to four eggs. Besides eared grebes, other birds found nesting at the east and west island colony locations included coots, common terns, Forster's terns, and yellow-headed blackbirds. No dead western grebes were observed in the colony in 2002.
Due to the small size of these colonies, each ground survey conducted was very nearly a total count. On June 26, 2002 the maximum number of nests counted was 62, for a breeding population of approximately 124 individuals. These values were down slightly from 2001, when the total number of nests counted was 77, for a breeding population of approximately 154 individuals (Hanus et al. 2002a) . When comparing the reported mean clutch size from June 14, 2001 to the extrapolated value for the same day in 2002 (Figure 1) , the values differed only slightly from approximately 2.8 to 2.9 eggs/nest, respectively. The maximum mean clutch size of 2.95 eggs/nest was observed on June 10, 2002, which was the highest among colonies surveyed in the study area. By the last survey on July 3, 2002 the mean clutch size declined to 1.97 eggs/nest, but was still higher than the other western grebe colonies in the study area (Table 1; Figure 1 ). Among all the colonies surveyed, the Isle Lake colony had the slowest rate of nest abandonment (Table 1; Figure 1 ): the maximum proportion of active nests occurred on June 19 (i.e. 89.8%) and by July 4 the proportion of active nests only decreased to 77.5%. The sample size of nests did, however, decline from 62 nests on June 26 to 40 nests on July 3 (Table 1 ). The evidence of egg depredation within Isle Lake colony was lowest in the study area, with only four depredated eggs observed (Appendix 3).
Western Grebes on Lac Ste. Anne
Western grebes on Lac Ste. Anne nested in the same location as observed in 2001 (Hanus et al. 2002a,b) , but a satellite nesting area approximately one kilometre to the north was no longer active in 2002. The overall lake population appears to have declined considerably. We counted a total of 401 nests, for a breeding population of 802 individuals in 2002 (Table 1) , whereas in 2001 we counted 634 nests for a breeding population of 1268 individuals (Hanus et al. 2002a,b) . This represents a decline of nearly 37%. Most of the nests at the time of the total nest count were in relatively good condition (Appendix 5), suggesting that the timing of the survey was good.
The maximum mean clutch size was observed on June 19, 2002 after which there was a steep decline to 1.59 eggs/nest on July 3 followed by a slight increase to 1.74 eggs/nest on July 12 (Table 1 Other bird species observed nesting among the western grebes included eared grebes, coots, ruddy ducks, common terns, Forster's terns, black terns, yellow-headed blackbirds, and red-winged blackbirds. Pied-billed grebes were commonly heard in the colony area, and were also likely nesting here. Interspecific brood parasitism by eared grebes occurred rarely occasionally in this western grebe colony: one nest was parasitized by one eared grebe egg on June 19, and one nest was parasitized by two eared grebe eggs on July 3. During the June 19 and July 12 surveys a single dead adult western grebe was observed. On June 26 two dead western grebe chicks were observed. Evidence of egg depredation within Lac Ste. Anne colony was moderate when compared to other colonies in the study area, with 10 depredated eggs observed (Appendix 3). A cottager living close to the colony heard coyotes on several occasions near the colony and possibly within the colony, suggesting that coyotes may depredate eggs from nests close to shore and possibly attack adults.
Western Grebes on Wabamun Lake
Western grebes on Wabamun Lake nested in the same location in 2002 as they did in 2001 (Hanus et al. 2002a,b) . The total number of nests and estimated breeding adult population grew by nearly 35% from 560 nests and 1268 adults in 2001, to 755 nests and 1510 adults in 2002 (Table 1) . Most of the nests at the July 4 th total nest count were in relatively good condition (Appendix 5), suggesting that the timing of the survey was good.
In 2002, the mean clutch size values steadily declined after the first survey on June 11 until June 26 (Figure 1 ). The maximum mean clutch size was 2.71 eggs/nest, which was the lowest value among the western grebe colonies in the study area. After June 26 there was little change in the mean clutch size for active nests within the colony, but active nests only represented 6.4% of the nests surveyed. Two ground nest surveys were conducted in 2001: a partial survey on June 20 and a total nest count on June 27 (Hanus et al. 2001a,b) . The mean clutch size observed in on June 20, 2001 was smaller by almost 0.4 eggs/nest when compared to the same day in 2002, but mean clutch sizes were identical between years on June 27 (Figure 1 ). Between June 11 and 19, 2002, there was a high proportion of active nests in the Wabamun Lake colony, after which there was a steady decline to the last survey on July 4 (Table 1; Figure 2) . When comparing the proportion of active nests between years, there were almost 65% fewer active nests in 2001 on the June 20 survey date, and over 10% fewer on the June 27 survey date (Figure 2 ).
Other bird species observed nesting among the western grebes included red-necked grebes, coots, red-winged blackbirds, marsh wrens, and a goose. Pied-billed grebes were heard regularly in the area, and presumed to be nesting here. Seven western grebes were found dead on June 11, one of which likely died from fishing line wrapped around its leg and foot, and autopsies showed that the others died from mink predation. The evidence of egg depredation within Wabamun Lake colony was the highest in the study area, with 28 depredated eggs observed (Appendix 3). Dozens of depredated western grebe eggs were observed along the adjacent shoreline, and within the willow stand of the adjacent backshore. Crows were observed regularly depredating nests before, during and after ground nest surveys. 
Eared Grebes
Surveys for eared grebes were conducted on 13 lakes, of which 10 lakes had eared grebe populations for a conservative overall population estimate of 8633 adults. Although our survey of the study area was not as thorough as in 2001, the 2002 overall population estimate was higher than the 2001 regional population estimate of 7632 adults. Eared grebe breeding colonies were observed on five of the 13 lakes surveyed in 2002. Eared grebe nests were counted on Isle Lake, Lac Ste. Anne, George Lake, and the unnamed lake south of Sandy Lake. A nest count of the Oldman Lake colony was not conducted due to logistical constraints. Clutch counts were conducted only on colonies on Isle Lake and Lac Ste. Anne. The largest eared grebe population was observed on George Lake, where over 2300 nests were counted and the adult population was estimated to exceed 5000 individuals. The number of eared grebe nests on George Lake was up 38% from 2001, when 1666 nests were counted for a breeding population of approximately 3332 individuals. Of the remaining lakes with eared grebe populations, three had large populations over 500 individuals, four had medium sized populations between 100 and 500 individuals, and two lakes had small populations with fewer than 100 individuals (Table 2) . Colonies located on Lac Ste. Anne and Isle Lake were located among western grebe nests within bulrush and cattail vegetation, respectively, whereas colonies at George Lake, Oldman Lake and the unnamed Lake south of Sandy Lake were in open water areas. On George Lake, several smaller 'satellite groups' of nests were located within patches of pond lilies along the northeast shore.
There was considerable variability of population sizes and nesting locations for eared grebes when compared to 2001 (Hanus et al. 2002a,b) . Lakes that showed declines in eared grebe numbers since 2001 include Arthur Lake, Brock Lake, Lac Ste. Anne, and the unnamed lake south of Lac Ste. Anne. However, eared grebe numbers increased dramatically on George Lake, Isle Lake and Majeau Lake. Several nesting colonies were no longer active in 2002, which include colonies on Arthur Lake, Brock Lake, Lac Ste. Anne (west basin), and the unnamed colony south of Lac Ste. Anne. Three eared grebe colonies were located in similar locations in both survey years, and included colonies on George Lake, Isle Lake, and Oldman Lake. Of special interest, the nesting area on George Lake was much larger in 2002 than in 2001. In 2002, the nesting area was predominantly contained to the northwest corner of the lake, but in 2002 several new and small satellite groups established nests along portions of the entire north shore.
Eared Grebes on Isle Lake
The eared grebe population on Isle Lake nested with the western grebe colonies adjacent to two small islands (i.e. east and west island colonies), and were also considered as a single colony (see Section 4.1.1). Eared grebes were nesting at the east island colony location in both 2001 . However, in 2002 it appeared that nesting was delayed and there was low nesting success. The majority of eared grebes on Isle Lake nested at the west island colony location in 2002, but in 2001 (Hanus et al. 2002a,b) there were no occurrences here.
Measures of reproductive success for eared grebes peaked later in the breeding season and appeared to have greater fluctuations within and between years, than for western grebes (Table 2; (Figure 3) . Between the two colonies on Isle Lake, there were considerable differences in terms of nest establishment and timing of peak egg production.
The proportion of active nests in the Isle Lake eared grebe colony remained high throughout the survey period, ranging from 65.7% to 92.4% (Table 2; Figure 4 ). Similar to mean clutch size trend, the proportion of active nests peaked twice during the 2002 surveys: the first on June 19, and the second on July 3. The proportion of active nests in 2001 were over 10% higher than in 2002 when comparing similar survey dates of June 17.
Some nesting habitat and behaviour differences were observed between nesting locations in 2002. At the east island colony location, dead bulrush vegetation from the previous year had been destroyed by snowmobile activity in the previous winter, thus the density of emergent vegetation was considerably less than at the west island colony location. Nesting was delayed by two weeks here compared to the west island location. When nesting did occur at the east island location, nests were often poorly constructed out of green algae vegetation, partly or entirely submerged, and many eggs were displaced from nests. Adults re-nested multiple times at the east island colony location as a result of several wind storms that had occurred.
A total count of nests was conducted on July 3, 2002.The east island colony had a maximum of 303 nests (Table 2 ) within an area of bulrush approximately 100 m long and 40 m wide. A total count was not conducted for the west island colony due to logistical constraints but approximately three quarters of the colony was counted, with an estimate of 383 nests. Therefore, the total number of nests in the west island colony was projected to be approximately 511. These nests were concentrated within a small area approximately 100 m long and 30 m wide, where cattails were the dominant vegetation present, followed by bulrush. This was the highest density of nests observed in two years of surveys. By combining the estimated number of nests from these two counts, the total nest count for Isle Lake is 814 nests with an estimated breeding population of 1628 individuals. As a result, the total number of nests and estimated breeding population more than doubled in 2002.
An unprecedented number of dead eared grebes were observed in the west island colony location on June 19. A total of 41 were found dead, 11 with obvious predation wounds possibly caused by mink. A total of 17 depredated eared grebe eggs were observed in this colony, all of which occurred in the west island colony location (Appendix 4). Similar to the observations from 2001, eared grebes eggs were found in western grebe nests (see Section 4.1.1). Clutches were generally higher in the central area of the west island colony location, often ranging from six to 13 eggs per nest. As well, there were signs of egg dumping where dozens of abandoned eggs were piled into deteriorated nests and found sunken on the lake bottom. The Isle Lake eared grebes also expressed these nesting behaviours in 2001, but only in the east island colony location.
Eared Grebes on Lac Ste. Anne
Eared grebes formed colonies on Lac Ste. Anne in both 2001 and 2002, but are very distinct from one another. In 2001, they nested in an open water area in the shallow and secluded west basin, whereas in 2002 they nested among western grebes in the bulrush area of the highly developed east basin. Comparisons in reproductive measures between years are not considered appropriate due to habitat differences, which would likely influence nesting success and behaviour. Also, relatively large distant between nesting sites (i.e. 11.5 km) makes it more likely that different individuals comprised the colonies between years. On July 12, 2002 a total of 87 nests were counted for a breeding population of approximately 174 individuals. Colony establishment was relatively late, as nests were not observed until June 19. The trend for egg production differed from the Isle Lake colony, as shown in Table 2 and Figure 3 . The maximum clutch size of 2.55 eggs/nest occurred on July 3, 2002, which occurred two weeks after the peak observed for the Isle Lake population, and clutches were on average 0.91eggs/nest smaller (Table2; Figure 3 ).
The proportion of active eared grebe nests for the Lac Ste. Anne colony remained high throughout the survey period, ranging from 100% to 81.6% (Table 2; Figure 4 ). Similar to the Isle Lake eared grebe colony, there was a marked dip in the proportion of active nests on June 26, followed by a subsequent increase. A total of 8 depredated eared grebe eggs were observed throughout the survey period (Appendix 4). No dead eared grebes or signs of egg dumping were observed in the Lac St. Anne colony, and rarely did eared grebes parasitize western grebe nests with their eggs (see section 4.1.2). Assumed a total nest count for EIC (303 nests) Assumed ¾ of WIC was surveyed (383 nests counted so total count extrapolated to be 511 nests) Calculation: (303nests (EIC) + 511 nests (WIC)) x 2 = 814 nests x 2 = 1628 breeding adults on Isle Lake. YY This estimate represents the actual number of eared grebes counted, which is likely an underestimate of the actual population size by two to three times. YYY This total is a conservative estimate for the 10 lakes surveyed, and underestimates the regional population. 
Implementation of 2001 Management Implications
Based on the management implications outlined in Hanus et al. (2002a) we focussed our efforts on continued monitoring of primary colonies using consistent techniques, establishment of public awareness signs, and public education via presentations and newsletter articles. We established protective notations (i.e. PNTs) for western grebe colonies where they did not already exist. We did not establish PNTs specifically for eared grebe colonies, due to the variability in nesting locations. If it becomes apparent that some eared grebe colonies occur in the same location from year to year, establishment of PNTs would be worthwhile. To promote public awareness of western grebes and shoreline habitat conservation, we developed two signs we term as the 'western grebe conservation' sign (Appendix 6), and the 'shoreline habitat conservation' sign (Appendix 7). A total of 11 signs were placed at the primary boat launches of five lakes within the study area (Appendix 8). Further details of the signs are provided in Appendix 9. Wherever the opportunity presented itself, presentations about colonial grebes and shoreline habitat conservation where given (Appendix 10). Articles were written for the Killowatt Connection, which is disseminated by TransAlta Utilities throughout the study area, and the Alberta Wildlifer, which has provincial dissemination to members of the Alberta Chapter of the Wildlife Society. Progress was also made expanding the monitoring efforts outside of the Stony Plain study area. The Lesser Slave Lake Bird Observatory implemented a western grebe monitoring program based on the protocols outlined in Hanus et al. (2002a) and in this report. A summary of the findings from the 2002 field season at Lesser Slave Lake is provided in Eadie (2002) .
DISCUSSION
Western Grebes
Based on successful surveys in 2002 we were able to update the status of known western grebe populations in the Stony Plain study area. Populations and nesting colonies identified in 2001 were still present in 2002. We estimated the regional population of western grebes to be slightly higher in 2002, but this minor change at the regional scale is likely within the natural range of variation. In addition, a certain amount of variation is expected due to imprecision associated with survey techniques. The Stony Plain study area continues to support populations that are of regional and national significance. Poston et al. (1990) developed a ranking classification for migratory birds inhabiting the Canadian Prairie Provinces, and stated that western grebe colonies with over 500 nests or breeding pairs are considered nationally significant, and colonies with a range of 100 to 500 nests or breeding pairs are considered regionally significant. As such, the Wabamun Lake colony easily surpassed the criterion that ranks it as nationally significant for the second year, and the Lac Ste. Anne colony fell from being nationally significant in 2001 to regionally significant in 2002. From a conservation and management perspective, it is imperative that these populations are sustained over the long-term.
We determined that the peak nesting period for western grebes occurred between June 10 and June 19, 2002. Ground nest surveys in the Wabamun Lake and Lac Ste. Anne colonies occurred after these dates in 2001, suggesting that reproductive measures did not reflect the true maximums with assumption that timing of nesting was similar between years. The peak of the nesting season in the Stony Plain study area differs from a western grebe study on Cold Lake, Alberta (Kristensen and Nordstrom 1979) , which reported the peak to occur between mid and late June. This difference may be attributed to geographical differences between study areas, with the Kristensen and Nordstrom (1979) study site being approximately 300 km northeast of the Stony Plain study area. It is also likely that some seasonal factors, such as water level and spring ice break-up, influence timing of nesting.
The results from our 2002 surveys suggest that egg production within our study area is within the range of results reported in other studies conducted in Canada and the northwestern United States. The maximum mean clutch size ranged from 2.71 eggs/nest on Wabamun Lake to 2.95 eggs/nest on Isle Lake in 2002, while in the literature values ranged from 2.6 eggs/nest to 3.7 eggs/nest (Forbes 1988 , Kristensen and Nordstrom 1979 , Lindvall and Low 1982 , Riske 1976 . Modal clutch sizes for colonies in the study area were also similar to those reported in the literature. Each colony reported a maximum modal clutch size of three eggs per nest, while other studies reported values ranging from three to four eggs per nest (Herman et al. 1969 , Nero 1959 , and Riske 1976 .
Clarification is required for the unexpected increase and plateau of the mean clutch sizes near the end of the survey period for Lac Ste. Anne and Wabamun Lake colonies, respectively (Figure 1) . These values were calculated from active nests only, and at the time of the surveys the number of active nests was very small compared to the total number of nests counted. Nests used for these calculations may represent either abandoned nests with sterile eggs, or active nests established late in the season thereby skewing the egg production measurement. Nevertheless, the overall impact of these potential biases is likely small.
The threats of human impacts on and around the lakes colonized by western grebes continue to be apparent within the study area. As an example, a housing development is proposed on the land directly adjacent to the western grebe colony on Lac Ste Anne. This would negatively impact nesting western grebes by increasing human presence in the area, powerboat disturbances, and increase the presence of corvids and dogs, while reducing, fragmenting and marginalizing the nesting habitat. Based on complete shoreline surveys for emergent vegetation habitat in 2002, the current location of the colony is within the largest and most intact section of bulrush habitat found on the lake. It appears that western grebes have already moved away from areas of high disturbance to this more secluded location (Hanus et al. 2002a , Purdy et al. 1983 , and if other viable habitat is not available for another relocation then the likelihood that western grebes will continue colonizing Lac Ste. Anne over the long-term is greatly reduced. This is a classic example of the pressures western grebe colonies are facing within the study area, and if left unmitigated, the regional population of colonial grebes will suffer.
Western Grebes on Isle Lake
Of the colonies surveyed using the ground nest survey technique, Isle Lake had the smallest population. The number of western grebes declined slightly from 2001 (Hanus et al. 2002a) , but this change is likely within the natural range of variation, and within the expected variance associated with the surveying technique. Mean clutch size values from similar survey dates in 2001 and 2002 differed only slightly, suggesting very little variation in egg production between years. Since we determined the peak nesting season for western grebes occurred between June 10 and June 19, the June 14 survey data in 2001 was a relatively close estimate of the maximum mean clutch size assuming similar timing between years.
In both years of this project, the Isle Lake western grebe colony had higher mean clutch sizes than both the Wabamun Lake and Lac Ste. Anne colonies. Unlike the other colonies, very little egg depredation has occurred in the Isle Lake colony and no dead adults have been found. The location of the nesting site away from the shore is likely beneficial to western grebes in this case, which offers more seclusion from land-based predators, such as coyotes and even corvids, and results in higher reproductive success than at shoreline locations. However, there are trade-offs to colonizing these small islands, namely that they are more exposed to wind, wave, and human disturbance than a typical shoreline colony would be. The impacts of these disturbances are likely dependent on the density of bulrush habitat, which buffers the impacts of these disturbances but varies in density from year to year.
There were some interesting changes in habitat use among western grebes nesting on Isle Lake. Early in the season, it appeared that western grebes were establishing their colonies within the east and west island colonies as they did in 2001. However, there were two underlying circumstances in 2002 that may have caused them to abandon the east island colony location and shift toward the west side of the west island colony location. First, nesting habitat quality was significantly reduced at the east island colony location because snowmobile activity destroyed the dead bulrush vegetation during the 2001/2002 winter season. As a result, there was little material available for nest construction before new bulrush emerged, and there was less protection from incoming waves than in previous years. Second, the number of eared grebes inhabiting Isle Lake greatly increased in 2002, and many of them established nests in a very dense concentration where western grebes nested the previous year. Egg parasitism by eared grebes and possible harassment may have caused western grebes to abandon their nests and relocate to the more secluded part of the island. These potential causes of delayed nesting or re-nesting occurrences may explain why the proportion of active nests was slightly lower in 2002 than in 2001.
Western Grebes on Lac Ste. Anne
Western grebes on Lac Ste. Anne nested in the same location as the previous year, but the population size decreased considerably in 2002 with no apparent change in nesting habitat quality. It is unclear whether this indicates a declining population trend, if some birds are nesting in another location on Lac Ste. Anne, or if some western grebes are nesting on a different lake altogether. A meandering shoreline survey of the high quality nesting habitat yielded no evidence that additional western grebe colonies were established on Lac Ste. Anne. It is possible that some breeding pairs may have nested on Wabamun Lake instead of Lac Ste. Anne, since the population change between these two lakes is nearly inversely proportional. Further years of data are required to determine if this change is within natural variation or indicative of a downward trend.
Reproductive measures for the Lac Ste. Anne colony are within the range presented in the literature, but lower when compared to previous studies conducted on Lac Ste. Anne. The maximum mean clutch size in 2002 (i.e. 2.84 eggs/nest) is less than the 3.0 eggs/nest recorded during a previous study on Lac Ste. Anne (Riske 1976) . The mean clutch size and proportion of active nests on the same survey date is lower in 2002 than 2001. It is unclear whether these differences represent poorer reproductive output in 2002, natural variation between years, or precision errors caused by extrapolating data between survey dates in 2002.
Western Grebes on Wabamun Lake
In 2002, the western grebe population on Wabamun Lake increased dramatically. Interestingly, this increase is approximately proportional to the decline observed among the population at Lac Ste. Anne. As mentioned earlier, this may be indicative that some birds shift their nesting location from year to year.
Our results suggest that the western grebes on Wabamun Lake are producing eggs within the lower end of the range presented in the literature, and their hatching success appears to be significantly lower than expected. Our results show that the mean clutch size and proportion of active nests peaked early in the nesting season, but were followed by a steep decline. As well, these values were also lower compared to the other colonies in the study area throughout much of the nesting season. Extremely high rates of egg depredation by crows appear to be the primary reason for these observations. Although egg depredation is a naturally occurring threat to western grebes, the proximity of the colony to urban, industrial and cottage developments likely has elevated the crow population from natural levels. It appears plausible that the current rate of offspring recruitment is not sufficient to replace the annual adult mortality. If true, our results suggest that the long-term viability of the Wabamun Lake colony is in jeopardy and needs to be addressed, especially considering the national significance of this colony. Mitigative actions are being explored to help ensure that Wabamun Lake does not become a population sink.
Western Grebes on Sandy Lake
One new western grebe population was identified on Sandy Lake. There are no known records of western grebes inhabiting Sandy Lake in the past (Hanus 2002) . Discussions with a resident of the Sandy Lake area (Pers. Com. T. Trusz 2002) revealed that western grebes began to inhabit the lake in the summer of 1999. Small numbers were observed initially, but the population has grown steadily each year since. Although our survey did not confirm the location of a nesting colony, the majority of western grebes were observed in the southeast corner of the lake among the bulrush. The recent colonization by western grebes on Sandy Lake may be due to three primary factors. First, there has been a considerable decline in the presence of recreational boaters on Sandy Lake over the past few years, likely due to the sport fisheries collapse and the water table decline. Second, grebe prey species may now be relatively abundant with the decline in top predator fish, such as mature northern pike, younger cohorts of these species and other small fish species may be more abundant. Finally, Sandy Lake offers excellent nesting habitat for western grebes along the entire east shore. This area is adjacent to an Indian Reserve, and as such, the bulrush habitat and backshore vegetation is largely undisturbed. Sandy Lake is an interesting case study, which indicates that the presence of available nesting habitat, reduced motorized boating disturbance, and good availability of prey species may be key to colony establishment.
Western Grebes on Lac La Nonne
The small western grebe population on Lac La Nonne may be reflective of the impacts caused by humans, such as boating disturbances, fishing pressures and intensive shoreline development. Our surveys in 2002 suggest that the population of western grebes continue to be small (i.e. approximately 20 individuals). Although viable bulrush nesting habitat is present, intensive reconnaissance of these areas yielded no evidence that western grebes were nesting on Lac La Nonne. Special conservation and management efforts may be required to sustain the Lac La Nonne population of western grebes over the long-term and encourage nesting.
Eared Grebes
The estimated number of eared grebes increased by over 10% from 2001 to 2002, although the number of lakes surveyed was greatly reduced between years. The influx of eared grebes, especially on George Lake and Isle Lake, may be the result of drought conditions throughout much of southern and central Alberta, which likely reduced the number of suitable waterbodies for nesting. When comparisons in population size are made on a lake-by-lake basis, it is apparent that eared grebes rely on a network of waterbodies to sustain their regional population over the long-term. Hanus et al. (2002a) reported considerable changes in eared grebe population sizes and colony locations within the study area when compared to historic surveys conducted by Purdy et al. (1983) . These findings were expected since it is fairly characteristic for eared grebes to shift nesting locations (O'Donnel and Fjeldsa 1997) , especially given that approximately 20 years had elapsed between these two studies. Yet similar results were observed between 2001 and 2002 without any noticeable differences in human disturbance. This shows very clearly that eared grebes are quite dynamic when it comes to selecting lakes on which to forage and nest. These changes may be partly due to seasonal changes in water level and habitat quality, or there may be a high availability of suitable waterbodies within the study area thereby reducing fidelity to individual sites between years.
Several important breeding populations of eared grebes are present in the study area. Poston et al. (1990) define nationally significant colonies as those over 800 nests, regionally significant colonies as having 300 to 800 nests, and locally significant colonies as having fewer than 300 nests. For the second year in a row, the George Lake colony surpassed the minimum requirement for nationally significant colonies by a considerable margin: in 2002 it was by 2.9 times. This lake provides ideal nesting habitat for eared grebes because it is relatively shallow, submergent vegetation is highly abundant and readily available for nest construction, there is minimal human presence on and around the lake, a powerboat restriction is in place, and the shorelines are relatively intact. With the large influx of eared grebes observed on Isle Lake, this population also ranked as nationally significant. Of all lakes inhabited by eared grebes within the study area, the characteristics of this lake represents the greatest departure from more typical eared grebe breeding lakes, such as George Lake, due to its large size and high level of development. Oldman Lake is very difficult to survey from the ground, but there appeared to be a colony of considerable size, likely retaining its status of regionally significant. A nesting colony was not observed on Majeau Lake, but enough birds were present to rank this population as regionally important.
Powerboat disturbance and high human presence have an important role in habitat use by eared grebes. In 2002, seven of the 10 waterbodies with populations and/or colonies of eared grebes were not highly developed and had powerboat restrictions, which is similar to the findings reported in Hanus et al. (2002a) . It appears that eared grebes may prefer these secluded and shallow lakes, especially when nesting in open water areas. These are consistent with the findings of Boe (1992) , who determined that eared grebes preferred shallow waterbodies £3 m deep, wetlands without designated public access and little or no fishing or motorboating, shorelines that were partially treed, and abundant submergent vegetation. Boe (1992) did not observe eared grebes on wetlands with buildings along the shoreline, suggesting avoidance behaviour.
Eared grebes continued to express healthy reproductive output within the study area. The peak mean clutch size for the Isle Lake population was 3.46 eggs/nest on June 19, 2002, while on Lac Ste. Anne the eared grebes had a peak mean clutch size of 2.55 on July 3, 2002. These values are within the natural range of variation (i.e. 2.2 eggs/nest to 3.7 eggs/nest) when compared to other studies in Alberta (Riske 1976) , British Columbia (Forbes 1985 , McAllister 1958 , and the western United States (Gould 1974) . As well, the proportion of active nests throughout the survey period remained over 81%, suggesting that the majority of egg hatching and nest abandonment occurred after July 3 for the Isle Lake colony and July 12 for Lac Ste. Anne colony. As was the case in 2001, the rate of nest depredation was very low, suggesting that egg depredation is not currently a major threat to eared grebes.
It appears that eared grebes begin nesting later in the season when compared to western grebes, and subsequently the timing of the maximum egg production also occurs later in the season. We observed the peak nesting period to occur between June 19 and July 3. These findings are consistent with those produced from 2001 surveys (Hanus et al. 2002a,b) .
Eared Grebes on Isle Lake
Based on ground nest surveys conducted in the Isle Lake eared grebe colony, it is apparent that differences in nesting habitat quality influenced timing of nest establishment, egg production, and reproductive success. Although the two nesting sites (i.e. east and west island colony location) are typically similar, habitat quality at the east island colony location was reduced in 2002 (see Section 5.1.1), and as a result, nesting was greatly delayed, nests were poorly constructed, and nesting success was negatively impacted. Eared grebes at this location may have been young and inexperienced nest builders and/or latecomers, and as such were out-competed from the higher quality nesting area in the west island colony location These differences among nesting locations help explain the fluctuations in the overall mean clutch sizes ( Figure 3 ) and proportion of active nests (Figure 4 ) during the course of the survey period. The decrease in values for mean clutch size and proportion of active nests mid-way through the survey period (i.e. June 26), was largely attributed to the influx of recently built nests observed in the east island colony location that had incomplete clutches (Table 2) . By the next survey (July 3), these nests had more complete clutches (Table 2 ) and the proportion of active nests increased.
Eared grebes of Isle Lake also exhibited evidence of 'egg dumping' and inter-and intraspecific nest parasitism both in 2001 and 2002. This nesting behaviour is not uncommon for eared grebes (Hill et al. 1997 , Lyon and Everding 1996 , Gollop 1958 , Bent 1963 . For example, Lyon and Everding (1996) determined that 38% of 47 nests in two colonies experienced brood parasitism. The high density of nests on Isle Lake likely explains these behaviours. Hill et al. (1997) observed that intraspecific brood parasitism, egg loss due to conspecific interference, aggression rates, and time spent in aggressive activities were higher in high-density colonies than in the low-density colony. Although Isle Lake is large, alternative nesting sites are likely not available, resulting in the overpopulation of suitable sites.
Eared Grebes on Lac Ste. Anne
Differences in the timing of colony establishment and egg production highlight some of the dynamics for eared grebes within a lake between years, and between lakes in the same year. Eared grebes established their colony on Lac Ste. Anne relatively late in the season (i.e. June 19) when compared to the Isle Lake colony. When comparing clutch sizes between the two lakes, values from Lac Ste. Anne were smaller throughout the nesting season and also peaked later in the season. These differences reinforce the need to survey multiple times throughout the breeding season.
The trend of egg production in the Lac Ste. Anne colony appears to be typical of a colony during colony establishment and peak nesting phases of development (Figure 3) . The trend for the proportion of active nests was more irregular and is likely reflective of surveying biases. The peak for the proportion of active nests occurred on the first survey date of June 19. However, this is somewhat misleading since the colony only recently became established and the sample size was relatively low. There was a decrease in the proportion of active nests at the June 26 survey date, and subsequent increase. This fluctuation was likely due to the influx of many new nests being established at this time, thus many breeding pairs were still in the early stages of nest building and egg production. As a result, the true peak of the nesting season for this colony occurred by July 3, 2002.
MANAGEMENT IMPLICATIONS AND FUTURE DIRECTION
The Stony Plain study area supports sizable populations of both western and eared grebes, due in part to the large number of medium to large-sized waterbodies. Short-term results of this monitoring project indicate that western grebes have relatively high fidelity to existing nesting sites. Western grebes rely on the largest lakes in the study area to support their regional populations, so they are limited to where they can nest. These lakes are also some of the most developed and recreated lakes within the study area. Public education should continue to focus on local groups, landowners, and land managers at these lakes. Shoreline habitat restoration should also become a priority for this project in the future. Concern for western grebe status over the long-term continues to exist, due to the poor nesting success of the Wabamun Lake colony, and encroachment of human disturbances on existing colonies and potential alternative nesting sites. The Sandy Lake population requires additional baseline surveys in 2003. The colony location should be identified early in the breeding season, and regular ground nest surveys should be incorporated into the schedule of surveys within the study area. The success of the western grebe surveys conducted by the Lesser Slave Bird Observatory highlights the eagerness of other organisations to monitor western grebe populations. Now that survey techniques have been refined, future efforts should be dedicated to establishing monitoring programs in other regions of the province.
Eared grebes appear to be variable in terms of their population dynamics and nesting location fidelity. It is apparent that eared grebes rely on a network of waterbodies to sustain their regional population over the long-term, so ensuring that some of these waterbodies do not become developed is critical. As a minimum, continued monitoring of the key populations in the study area is recommended in order to assess population trends, supplement the existing database, and further understand the dynamics of site fidelity in the study area. Wherever possible, smaller populations of eared grebes should be surveyed, and new sites should be reconnoitred in order to determine what 'network of waterbodies' are used by eared grebes over time. 
